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Abstract 
Resources for planning and managing transport infrastructures and services are an essential tool for sustainable 
development, and due to the current economic situation, they are expected to be increasingly important in the short 
and medium run. 
A general method within this framework for “global” assessment of the socio-economic, environmental, 
financial and energy impact of the measures and policies applied to the transport sector will, to a great extent, 
facilitate the ability to design, assess effects and make solid comparisons of these measures and policies. Thereby 
collaborating in the process of making informed decisions. From this essential objective the ieCOtrans project has 
been created.  
Ineco’s role as a benchmark consultant and demonstrating support in the decision making process, has made it a 
leader in the market of the five elements that enable this methodology to be developed (planning, demand of model 
building, ICT design solutions, economy and environmental). 
There has been fundamental work carried out in regards to the standardisation of baseline information and the 
incorporation of the technological component to the transportation planning process. Several hypothesis and 
analysis’ guidelines have also been established, which has given the outcome of the following results: 
PRODUCT 1: Methodological Guide 
PRODUCT 2: Computer Tool  
The two products developed by ieCOtrans are currently being applied to the assessment of proposals for 
Sustainable Urban Mobility Plans via the implementation in monitoring offices, thus enabling multi-criteria 
analysis to be applied to indicator monitoring. 
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The ieCOtrans Methodological Guide and the IT tool enable the transport planning stage to be enriched by 
systematising the assessment process for policies and measures in the transport sector, while also incorporating 
existing technological components based on a relationship between sustainability, Smart Mobility and transport 
planning. 
In this paper the structure and methodology of the work performed is shown, as well as an example of the 
implementation and operation of the tool developed. 
The ieCotrans computer tool enables users to save time by 33% in respect to the traditional analysis, proving 
that this new tool is very useful for simplified analysis and obtaining quality results. 
 
© 2014 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of PANAM 2014. 
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Main text  
The organisation and development process for transport systems has progressively broaden its objectives by 
incorporating the analysis and definition of criteria strategies, such as optimising economic resources, energy 
efficiency, protection of the environment, safety, social and regional equity and quality of life. After this 
development, the foundations were laid for sustainable mobility, which is now fully present in any current transport 
system planning stage. 
The multi-criteria analysis for assessing the economic, energy and environmental suitability of measures and 
policies for the transport sector is a tedious process and it often lacks in steadiness. This creates great complications 
for the process of joint comparison and evaluation, which is necessary for making informed decisions.  
As part of Ineco’s ongoing commitment to development and innovate, we also aim to improve the 
competitiveness and quality of our services. Therefore, the ieCOtrans project has been developed; in order to enrich 
the transport planning stage by systematising the assessment process of transport sector policies, measures and the 
inclusion of technological components based on existing relationships between sustainability, Smart Mobility and 
transport planning. 
Two products have been created from the project: 
 
• A methodological guide that enables an assessment of the economic, environmental and energy impact to 
be standardised and systematised by establishing an analytical framework of the different types of measures 
adopted in the transport sector that are normally (although not necessarily) geared towards improving energy 
efficiency in the sector. 
• An IT tool that enables the developed methodology to be generally implemented, thus permitting simple, 
multi-criteria analysis of infrastructure investment, measures and policies of the sector. 
 
The ieCOtrans project, which is the end result of two years of research, provides a complete and innovative 
solution to all those stakeholders that participate in the different phases of the transport planning process, and 
thereby substantially enriches the informed decision making process. 
Both products enable a more efficient use to be made of economic resources and also allows different 
alternatives to be assessed using an integrated, multi-disciplinary perspective based on components that are 
fundamental to sustainable planning. 
There are different stages of development in regards to the current stage of the know-how on the various 
subjects considered in the multi-criteria analysis, as well as methodology guides, which are essentially theoretical. 
Among them, stands out the PROSPECTS’ guide, which was published by the Institute for Transport Studies at the 
© 2014 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of PANAM 2014.
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University of Leeds (UK). It focuses on the planning, implementation and evaluation of measures related to 
sustainable urban planning. 
Within the environmental and energy field, there has been a methodology developed for each means of 
transport, which have been analysed as per the different characteristics pertaining to each transport mode (i.e. 
model, motor, travel features, cargo. etc). This in turn has been supported by the latest methodology available, 
developed by the European Environment Agency. (2013) EMEP/CORINAIR Atmospheric Emission Inventory 
Guidebook. 
In the economic field, there has been a proposed methodology based on the method of surplus, which 
determines how much is earned and how much is lost by each of the agents involved, in addition to the 
externalities. 
A guidebook, titled "Economic Evaluation of transport projects" (2010) has been employed as one of the major 
sources. This was created by the CEDEX (Center for Studies and Experimentation of Public Works) and the 
Spanish Ministry of Public Works. The second reference source used was a previous publication by several authors 
for the Inter-American Development Bank, titled "A manual for economic evaluation of transport projects", made 
in 2006. 
Furthermore, these sources have also been supported by issue number 5 from HEATCO (Harmonised European 
Approaches for Transport Costing and Project Assessment) a project funded by the European Commission. They 
also include issue number 8 from UNITE (Unification for accounts and marginal costs for transport efficiency) 
which is also a project funded by the European Commission. 
The main sources were used because they are official and they offered a comprehensive assessment of the 
effects of transportation projects without focusing exclusively on certain effects. However, it is possible to find 
numerous studies related to this topic from different universities, research centers and national government 
agencies. 
The existence of a methodology and an application, enables a more efficient use to be made of economic 
resources and also allows different alternatives to be assessed using an integrated, multi-disciplinary perspective 
based on components that are fundamental to sustainable planning, and both products also allow a greater 
transparency and flexibility when assessing proposals for plans and programs to be used by local and regional 
administrations, by facilitating fluid communication with citizens. 
The collection and processing of information is currently taking place in many cities, by implementing 
Sustainable Urban Mobility Plans (SUMP) which is giving way to a change in the data management model with the 
establishment of Balanced Score Cards (BSC). Gathering and organising this information is complemented by 
processing with the IT tool and methodology used in ieCOtrans, thus allowing the different SUMP proposals to be 
assessed with a multi-criteria analysis by ieCOtrans that is applied at the same time as the monitoring indicators. 
In technological terms, this can then be considered to be a smart solution, as it enables the efficiency of different 
vertical measures to be horizontally assessed in a number of applicable scenarios based on the gathering of data, 
methodological systematising and the development of an IT tool that enables assessment processing to be more 
standardised and flexible. 
The search for answers to the challenges posed by planning sustainable transport, using Information and 
Communication Technologies (ICT) was a pathway to the future which has now become reality. 
Then, following the scheme which develops a methodological guide, the methodological structure is briefly 
described, so that it gives an overview in order that the planner - "user" is located at all times in the application 
process with a brief description of the main terms and concepts, as well as of employed indicators. 
The characterisation and classification of the various actions to be evaluated is a fundamental aspect of the 
process, therefore in section 2 the types of measures considered by ieCOtrans are shown. 
1. Definition of the project 
As mentioned above, the ieCOtrans project enables the economic and energy impact (measured in the equivalent 
of tonnes of oil that are generated or avoided) to be uniformly assessed, as well as the evaluation of greenhouse gas 
emissions created by applying a wide variety of transport measures. This assessment is very useful, especially in 
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the current context of the economic crisis and severe energy dependency, and it allows any basic analysis to be 
standardised during the planning stage in accordance with three fundamental components based on the 
establishment of a standardised methodology and general implementation that in turn enables “global” assessments 
to support the informed decision making process. 
The ieCOtrans methodology can provide an overall view of how it works along with the flow of information 
analysis. The figure below gives a schematic view of this process: 
 
 
Fig 1: Overall methodological structure 
The starting point will quite naturally be the transport policy or measure that the planner has chosen for 
assessment. The use of the measure will introduce some changes or effects to the transport system, that in turn, will 
cause energy or environmental and socio-economic effects.  
Consequently, it is possible to talk about three different analyses: a primary analysis that focuses strictly on the 
transport environment itself, a second analysis for the environmental area and a third that focuses on the socio-
economic effects. The parameters, or “transport outputs”, that arise from the first analysis should be suitable for 
feeding the environmental and socio-economic analysis. In other words, they become input parameters for the 
following analysis. At the same time, analysis of the environmental effects will bring up results that will influence 
the economic assessment. 
The energy impact of any transport policy is assessed according to the savings made in the primary or final 
energy (positive or negative) generated, taken from equivalent of tonnes of oil that are generated or avoided. This 
assessment provides an energy balance that shows a greater or lesser level of efficiency of the measure from an 
energy perspective. 
Assessment of environmental emissions (measured in terms of greenhouse gas emissions (GHG), in tons of 
equivalent to CO2) is required alongside the energy assessment to build an ecological assessment of the measure. 
The economic criteria (including the aspects of investment and associated operational costs) is also necessary 
for any decider; its inclusion in the assessment indicators enables progress to be made towards a more complete 
and a more practical use for efficiency assessment and comparison. The socio-economic dimension is also included 
as another element in the economic variables.  
The importance of the transport sector and its influence on the environment is a key role for achieving objectives 
for energy sustainability. As economic development continues, there will also be further growth in mobility which 
in turn means increased emissions and energy consumption in the sector. 
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2. Metodological Steps 
Once the overview of the methodology has been developed, we shall report different aspects to be considered in 
each of the analyses which the methodological process is structured in. The following are listed below. 
2.1. Description of the Project or measure 
Once that the measures to be assessed have been selected, the first step of the methodology process is its 
definition in concrete terms, in order to reduce as much of its characteristics and form of implementation as 
possible. 
A state of the art analysis has revealed that there are numerous categorisations and ways of classifying measures 
and energy saving and efficiency policies in the transport sector. The following are various examples of established 
classifications from various documents related to the field of energy efficiency in the transport sector: 
 
• "Plan de Ahorro y Eficiencia Energética 2011-2020” (Energy Saving and Efficiency Plan 2011-2020) 
IDAE (2011) and "Plan de Acción de Ahorro y Eficiencia Energética 2011-2020” (Action Plan for Energy Saving 
and Efficiency 2011-2020) by IDAE (2011): Boosting modal shifting, Rational use of transports and Fleet renewal. 
• "Plan de ahorro, eficiencia energética y reducción de emisiones en el transporte y la vivienda” (Savings, 
energy efficiency and emission reduction Plan in transport and housing). Ministry of Development (April 2011): 
Operational and Structural. 
• "Plan de Intensificación del Ahorro y la Eficiencia Energética” (Savings Boosting and Energy Efficiency 
Plan). Ministry of Industry (April 2011): Operational, Structural, Reinforcing and Disclosure. 
• PROSPECTS (Procedures for Recommending Optimal Sustainable Planning of European City Transport 
Systems). Institute for Transport Studies, University of Leeds, UK (2003): Land use, Performance, Infrastructure, 
Infrastructure Management, Information Programs, Prices and rates Countervailing beyond the transport sector. 
• "The Spanish transport system and its impact on sustainability" Technology Research Institute, Comillas 
Pontifical University of Madrid (2007): Regulatory, Technological, Performance. 
• Study on the costs and benefits of the Action Plan for Energy Efficiency of the EU Institute for Energy 
2006 (2010): Transport efficiency, Change to more sustainable modes of transport, Decrease in mobility. 
• TERM 2011: transport indicators tracking progress towards environmental targets in Europe. European 
Environment Agency (2011): Demand for transport, Modal Change, Technological. 
 
From an analysis of existing classifications, it is clear that there is no "sole and absolute" classification and that 
each of them depends on the purpose for which such classification is performed. 
In the specific case of ieCOtrans, a classification of measures aimed at calculating the energy and economic 
balance has been a created. For this purpose, there has been analysis of the potential impacts on the transportation 
system that impact both occasions, and within them the classifications have been established. Even though it is 
certain that a measure can generate various effects, we have tried to consider the effect that is supposed to be 
predominant over the rest. The measures and different types are studied below: 
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Fig 2: Types of measures 
Established typology distinguishes between: 
 
x Measure for technological efficiency:  
Technological efficiency measures are those that directly intervene in energy consumption and not in the 
mobility characteristics of the transport system. 
These are mostly measures that increase efficiency via technological modifications in the means of transport 
itself or in the fuels used. Therefore, the measures do not mean a redistribution increase or reduction in the 
demand. 
x Measures to redistribute and transfer demand: 
These are measures that boost the transport system's efficiency, by optimising modal distribution of demand, 
mostly by encouraging less contamination and more efficient modes from an energy perspective. 
Measures that bring about a redistribution and transfer of demand have been divided into two types: modal 
change measures and measures to increase capacity of the transport system. 
Measures to increase capacity are pure transport measures and are traditionally known as “hard” measures. 
They are accompanied by investment that is required to achieve physical improvements in the transport 
infrastructure and it is not uncommon for citizens to be affected by them and react negatively (e.g. because of 
the problems caused during construction work or the visual and acoustic impact once they are completed). 
These were the most common measures used by planners in the past. Nowadays the investment required for this 
type of measure is not always available to planners and so they take second place in the order of importance. 
The measures promoted by modal changes towards more sustainable modes of transport, are those that limit the 
use of private vehicles (urban tolls, regulation of parking spaces, etc) or others that prioritise the use of public 
transport (improvement in frequency, boosting of interconnections between modes, creation of pedestrian 
zones). 
x Measures to reduce demand: The measures included in this category are geared towards reducing the need for 
mobility in mechanised modes of transport, which has positive repercussions on the quality of life in cities and 
for citizens by reducing dependency on modes of transport with the highest energy consumption. The effects of 
these measures, from the perspective of energy use, may include: 
ż Elimination of one form of consumption: effect caused by measures that reduce the number of vehicles. This 
consists of reduction to zero in one type of consumption, where it is worth highlighting the added benefit of 
“eliminating a vehicle”, especially if the creation of space in the urban environment is taken into 
consideration. 
ż Prevention of added consumption: certain measures can be considered where the need for further 
displacement is avoided, such as measures that promote urban models of proximity. This effect may be 
difficult to detect or to be greatly reduced. 
x Operational efficiency measures: 
The measures in this category are geared towards improvements in the use of the transport system by 
introducing new technologies and new management systems. 
Increased efficiency in the transport system usually has an energy component that reduce consumption by 
decreasing the number of kilometres travelled, promotion of efficient driving behaviours, etc. 
2.2. Defining the Temporal Scope 
The temporal horizons or "short periods" in which the state of the transport system shall be assessed, should be 
identified in order to obtain the energy balance through its comparison. 
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The combination of time horizons and the application, or not of the selected measure, will lead to different 
scenarios to be evaluated, enabling the parties involved to consider the project life cycle: 
 
 
 
 
 
 
 
 
 
Fig. 3: Definition of Scenarios 
2.3. Analysing the effects on the Transport System 
The method used to assess the effects that the selected measurement has in the transport system, will depend on 
its type. For each of the different classified types a specific methodology has been developed for data collection 
and hypothesis development in the case of uncertainty. 
2.4. Analysing Environmental Effects 
It should also be noted that one of the first common steps to all measures is the identification of the affected 
transport modes, which will determine the sources and methods for calculating energy. 
There are four fundamental modes which have been identified: the road, railway, sea and air. Although the road 
and railway could be grouped as in-land mode, they have been identified separately due to the method of 
calculating and characterising the vehicles. 
The calculation methodology used for each of the means of transport is performed in two phases: the 
characterisation of the fleet and the identification of consumption and emission factors. In order to calculate the 
latter we used the EMEP / CORINAIR Atmospheric Emission Inventory Guidebook by the European Environment 
Agency (2013). 
2.5. Analysis of Economic Effects 
The methodology process for analysing the economic impact is based on determining what each affected agent 
wins and loses within the transportation project: this method is called surplus. The surplus methodology sums up 
the excess from the various agents, while assuming that the different social groups and territories concerned have 
the same influence. This presumption implies ignoring the various changes in individual welfare that occur at equal 
rent increases. 
In the economic evaluation of the various measures, it is necessary to assess the inputs used to commit the 
investment to its social opportunity cost. Generally speaking, the use of the market prices that correspond to each 
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of the project's assets can be a good and reasonable estimate. However, when there are significant distortions in 
market factors, the use of shadow prices is essential as they truly reflect the opportunity cost of these inputs. 
Furthermore, for the financial analysis it is necessary to determine what are the costs of operation and 
maintenance of all affected producers by the project, as this aspect is unique to each project. In the case where this 
specific data is not available, reference values from different studies are available, most notably those from the 
European project HEATCO Developing Harmonised European Approaches for Transport Costing and Project 
Assessment. 
2.6. Establishing bases and concepts 
The first thing to be analysed is the energy impact: primary energy is any kind of energy available in nature 
before being converted or transformed. It is therefore contained in crude oils and other forms of energy that enter 
the system, while final energy is refined, energy that is suitable for use in any required application. 
The existing difference between primary and final energy is due to the loss produced throughout the extraction, 
transport and transformation of the energy chain. 
IeCOtrans focuses on calculating the energy impact produced by the operation and exploitation of different 
vehicles, without including the energy consumed in the construction and maintenance process of infrastructure and 
vehicles, or the energy consumed in operating the infrastructures (terminals, stations, tunnel lighting, etc). 
Definition of energy consumption based on primary energy enables a direct comparison to be made between the 
different economic sectors by means of a standard base. However, energy demand in the transport sector is final the 
energy consumption and given that the fundamental purpose of ieCOtrans is to compare between different energy 
savings and efficiency measures in the same sector, the analysis of energy consumption solely and exclusively uses 
consumed final energy as a reference point. 
On the other hand, the earth’s climate is affected by the presence of natural greenhouse gases, which partially 
absorb emissions of infra-red radiation coming from the surface of the planet, re-emitting radiation of the same 
kind into outer space and towards the surface. These gases, which include carbon dioxide (CO2), water vapour and 
ozone (O3), regulate the planet’s temperature, and contribute towards making it higher than if the atmosphere did 
not contain these elements. 
Human activity has produced emissions of significant amounts of greenhouse gases into the atmosphere that 
were not present in the pre-industrial period. Their ability to influence the global climate can be explained by the 
long life of many of them, which despite being emitted locally, end up being distributed throughout the 
atmosphere. 
An added factor is that not all greenhouse gases are present in nature (water vapour, carbon dioxide, methane 
and nitrous oxide), there are others that are produced exclusively by human activity (hydrofluorocarbons, 
perfluorocarbons and sulphur hexafluoride). Natural processes absorb a proportion of greenhouse gases, but the 
excess gases emitted by human activity (industry, transport, agriculture, etc) are overloading natural mechanisms. 
The transport sector depends to a great extent on the consumption of non-renewable fossil fuels and is therefore 
one of the main sources of emissions into the atmosphere. The greenhouse gases emitted by the transport sector 
with the greatest impact in this respect are CO2, N2O and CH4. 
The objective of ieCOtrans as regards the economic impact is to guide the decision maker as to whether a 
project is suitable from a socio-economic standpoint or not. The uncertainties associated with assessment (either 
because of lack of information, difficulties in knowing what the effect of the project will be, oscillations in demand 
or in costs) do not enable a concrete value to be obtained, but the decision maker is provided with a guide to help in 
the decision making process. 
2.7. Establishing indicators. What do we measure? 
IeCOtrans acts as a guide in assessing the impact of energy, environmental emissions and the economic criteria 
when using indicators, which is a more adequate methodology for analysing and comparing the possible measures 
to be adopted in the sector. 
514   Patricia Rey Romero and María Carpio López /  Procedia - Social and Behavioral Sciences  162 ( 2014 )  506 – 515 
In general terms, any kind of indicator should be selected according to its relevance and should be sensitive to 
changes and possess a range of variability that enable conclusive assessment tools be provided via sensitivity 
analysis. 
The indicators studied in this guide for energy, greenhouse gas emissions and the economic sector are as 
follows: 
 
• Energy consumption is defined as total consumed energy. The unit of measurement is equivalent to the 
tonnes of oil t (toe), which is the energy released when burning a metric tonne (1,000 kg) of oil (1 toe = 41,855 GJ 
= 11,628 MWh = 1.000 m3 of gas = 6,841 barrels of oil (boe)). 
• CO2 equivalent is the unit of measurement to indicate the global warming effect of each greenhouse gas. 
The most important greenhouse gases in the transport sector that are evaluated in the tool and converted into their 
carbon dioxide value are as follows: CO2, N2O y CH4. 
• Social NPV compares the social benefits and costs generated by a transport project once it is standardised 
in time. 
• Financial NPV compares the income and costs obtained by the company that produces or provides the 
service. 
3. Example of application 
A practical example is shown below where the IT application was used to obtain the necessary data for a study 
carried out by Ineco in 2013 on the Sustainable Urban Mobility Plan (SUMP) of a model city. 
To complete the calculations, the required scenarios are initially defined; in this case three are required: 
 
• The baseline scenario is the baseline scenario, defined in 2012. Here the baseline situation of the model 
city is described. 
• The defined trending scenario in 2024, which is the one where no action is taken in the mobility sector. 
• Scenario with SUMP, which is the one in which the actions proposed in the Sustainable Urban Mobility 
Plan are applied so as to find a new balance between modes of transport to obtain a more efficient transport system 
and an improvement in people’s quality of life. The same time horizon of 2024 is also applied here. 
• Once the scenarios are defined, they are then characterised with the relevant traffic data for each one. 
They have been characterised with the vehicles and buses that circulate in the model city. 
• The results of the calculation are then obtained. These can be seen in the image below. 
Fig. 4: ieCOtrans print screen example (http://iecotrans.ineco.es).  
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The calculations were also completed using habitual methods, without the ieCOtrans IT tool. The result obtained 
presented the same order of magnitude and the same ratio between scenarios was obtained. The final datum showed 
some slight variations in the absolute value, due to the fact that with the traditional method, the hypotheses used 
particularly adapt to the case study. 
The difference is that the use of ieCOtrans saved 33% of the time as compared to the traditional analysis. This 
shows a remarkable saving in costs.  
Conclusion 
After two years of research and within its portfolio of innovation projects, Ineco has developed two products 
that allow analysing the economic impact together with environmental impact of policies and measures in the 
transport sector. 
Having a steady methodology process for the overall assessment of the economic and environmental impact of 
policies and measures in the transport sector, makes it easier to compare possible effects. 
The development of a computer tool enables a simple and simplified use of the methodology process developed, 
in order to obtain simplified and agile analysis and quality results. 
Using new technologies, Ineco has developed a tool to assess economic and energy impact, and polluting 
emissions of transport-related actions, saving up to one third of the time and costs of a traditional analysis, 
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